Objectives: Recently, overwork-related disorders have become a major public health concern in Korea. This study investigated the current trends of working hours, causes of death in the working population, and compensation rates. Methods: We reviewed the current trends of working hours, cause of death statistics in the working population, industrial accident compensation insurance (IACI) statistics, issues of compensation and prevention of work-related cerebro-cardio vascular diseases (CCVDs), mental disorders, and suicide. Results: Although weekly working hours and the proportion of long working days have decreased, workers in small companies with fewer than five employees and those in the service sector continue to work long hours. The age standardized mortality due to CCVD and suicide was highest among those with managerial roles. In total, 589 CCVD cases and 104 mental disorder or suicide cases were compensated as occupational diseases in 2017. Between 2016 and 2017, 61% of 59 compensated suicides were related to overwork, specifically: long working hours, increased responsibility, or increased workload. The Korean government has introduced various policies to reduce working hours and to increase compensation approval rate for overwork-related CCVDs. Stakeholders have called for the introduction of independent laws to prevent overwork-related disorders, change organizational culture, and address the blind spots of the IACI Act and Labor Standard Act. Conclusions: Prevention and compensation policies have improved working conditions in Korea, but there remains much to be done. This review significantly contributes to the understanding of the overall policies and research to prevent overwork-related disorders in Korea.
working hours and cerebro-cardio vascular disease (CCVD), mental illness, and suicide. Some case-control and case-crossover studies in Korea have found that long working hours and work intensity could be risk factors of CCVDs. [3] [4] [5] [6] A few studies on the relationship between suicide and overwork using representative national data showed an association between working hours and depressive symptoms or suicide ideation in Korea. [7] [8] [9] Korea is also one of just a few countries that provide compensation for CCVDs and mental disorders related to long working hours, a heavy workload, or stressful events. This study aimed to investigate the current situation and trends of working hours, causes of death in the working population, and compensation provided by Industrial Accident Compensation Insurance (IACI). Additionally, this study proposes changes in national policy to prevent or compensate for overwork-related disorders in Korea.
| TRENDS OF WORKING HOURS
We analyzed the first through the fifth Korean Working Condition Surveys, which were introduced in 2006 to monitor working conditions and are based on the European Working Condition Survey. 10 Average weekly working hours (AWWH) decreased from 50.7 hours in 2006 to 44.4 hours in 2017; however, the AWWH of self-employed workers (50.1 hours in 2017) and employers (51.5 hours in 2017) were still higher than employees (42.7 hours in 2017). 11 We analyzed employees' AWWH by industry, occupation, and company size. The AWWH of "equipment, machine operators and assemblers," "craft and related trades workers," and "sales workers" were longest. The AWWH of "service workers" decrease from 2006 to 2017. We found that "personal services" was the industry with the longest AWWH (51.4 hours), followed by "accommodation and food service activities" (49.4 hours, Table 1 ). More than 20% of employees in the "equipment, machine operators and assemblers," "craft and related trades workers," "sales workers," and "service workers" occupations worked over 52 hours per week in 2017 ( Figure S1 ). Generally, more than 20% of employees worked over 52 hours per week in the "accommodation and food service activities," "membership organizations, repair and other personal services", "transportation and storage", "agriculture, forestry and fishing", "wholesale and retail trade", and "real estate activities" industries ( Figure S2 ).
| CAUSE OF DEATH STATISTICS IN KOREA'S WORKING POPULATION
According to cause of death statistics in 2017, suicide was the most common cause of death among employees age 20-30 years, while cancer was the second most common cause of death among employees aged 40-50 years. CCVD was also ranked in five main causes of death. 12 We measured the direct age-standardized mortality rate of CCVD from 2011 to 2016 and that of suicide from 2014 to 2016 by occupation, using the raw cause of death statistics data of the economically-active population from Statistics Korea from 2011 to 2016. We found that both male and female managers showed the highest mortality rate due to cardiovascular disease (28.2/100 000 in men and 18.7/100 000 in women), cerebrovascular disease (50.6/100 000 in men and 55.7/100 000 in women), and suicide (241.2/100 000 in men and 133.1/100 000 in women). Cardiovascular disease mortality was higher among male service workers (13.9/100 000) and among skilled agricultural, forestry and fishery workers (14.5/100 000). Cerebrovascular disease mortality rate was high among skilled agricultural, forestry and fishery workers (18.0/100 000 in men and 17.9/100 000 in women). The suicide mortality rate was high among male elementary workers (40.2/100 000) and skilled agricultural, forestry and fishery workers (44.4/100 000 in men and 15.9/100 000 in women) ( Table 2) . Thus, death due to suicide and CCVD was identified as a major problem among the working-age population, and those in managerial roles have a high risk of suicide and CCVD mortality. to COMWEL for recognition of work-related mental disorders due to experiencing a passengers' accident. It was the first social movement to promote the compensation of mental disorders as an occupational disease. The number of mental illnesses and suicides recognized as work-related in Korea between 2014 and 2018 are shown in Table 3 . In 2012, the number of recognized cases rapidly increased (0 cases in 2000, 27 cases in 2005, 47 cases in 2012), which resulted from the addition of post-traumatic stress disorder (PTSD) to the legal list of occupational diseases. Further, in 2015, the guidelines for the investigation and determination of the work-relatedness of mental illness were revised, and violence by customers was a main issue to add to the legal list. Table 3 shows all of CODJ's decisions regarding CCVD and mental disorders, including suicide, to date. The final approval rate has slightly increased, if the court has decided to recognize work-related disease for the cases not to agree with the CODJ's decision. The number of CCVDs cases claimed is decreasing in Korea, but the approval rate is increasing. However, both the number of claimed mental illness cases and suicide cases and the approval rate for compensation of these cases are increasing.
| INDUSTRIAL ACCIDENT

COMPENSATION INSURANCE STATISTICS
| Mental disorder and suicide
In our previous study, analyzing 516 claimed cases from 2010 to 2014, the most frequent reason of approval of compensation for mental disorder and suicide (142 cases, 29.4%) was the experience of an acute stress event, and the second most common cause of work-related mental illness and suicide was long working hours. The most common acute stressful events were work-related legal problems, workplace violence or harassment, and issues related to employment status. Of the 516 claimed cases in 2010-2014, 109 cases were managers. 16 We also analyzed the main work-related stresses that resulted in suicide from 2016-2017 after revision of investigation guideline in 2015. Of the 103 suicide cases, 24 cases claimed that "conflict with a supervisor" was the main stressful event related with suicide, while 14 cases reported that job insecurity or readjustment related to relocation were the main stressful events, and 13 cases focused on changes in pace productivity. Conflict with a supervisor, including harassment, was the most common cause claimed for approval of compensation for suicide (Table 4) . 17 There were few suicides related to the extremely long working hours in 2016-2017, as this was not yet included as a main stressful event in the CODJ work-related illness investigation guide.
| Cerebro-cardio vascular disease
COMWEL provided for us a database of the initial applications for recognition of work-related CCVD cases, which also included investigations of average working hours during the 1-week, 4-weeks, and 12-week periods prior to diagnosis. A total of 4,898 cases from January 2013 to June 2016 were included in this dataset. Cerebrovascular disease was defined using ICD-10 codes of I60-63 (subarachnoid hemorrhage, intracerebral hemorrhage, other nontraumatic intracranial hemorrhage, cerebral infarction) and cardiovascular disease was defined using ICD-10 codes of I21-25 (ischemic heart disease), I46 (cardiac arrest), or I71 (aortic aneurysm and dissection). Cardiovascular disease had a higher approval rate (28.2%) than cerebrovascular disease (25.9%). Subarachnoid hemorrhage received the highest approval rate (30.0%, 253/845 cases). Acute myocardial infarction had the second-highest approval rate (29.5%, Table 5 ). However, the approval rate in 2018 increased rapidly, as shown in Table 3 . This increase is related to the changes in recognition criteria. Table 5 also shows the relationship between approval rate and weekly working hours during the 12-week period prior to diagnosis. In 2013, the quantitative criteria for recognition of CCVD were introduced for the first time. According to these criteria, if workers worked for over 60 hours per week then their CCVDs usually approved as work-related. The approval rate was the highest at about 67% for CCVD cases made by workers who worked more than 60 hours per week in 2013-2016. This indicates that cases of overwork-related CCVDs were not 100% recognized even in cases where the average working hour per week was more than 60 hours, and this result also means that the CCVD cases claimed by workers with an average weekly working time of 52-60 hours per week were less likely to be recognized as occupational diseases. After the recognition criteria for CCVD changed in 2018, 88.4% of CCVD were approved for compensation when the AWWH was more than 60 hours.
| POLICY ISSUES AND CHALLENGES FOR WORKERS' COMPENSATION
| Mental disorders
The occupational disease standard on Schedule 3 only provided physical, chemical, and biological risk factors and related diseases. Post-traumatic stress disorder (PTSD) was the first mental disorder to be added to the schedule. In 2016, the Ministry of Employment and Labor (MOEL) amended the Enforcement Decree IACI Act and added depressive episodes or adjustment disorders due to third-party workplace violence or stress directly related to work. Unlike CCVDs, there are no regulations providing detailed recognition criteria for mental disorders. The COMWEL guide to investigation and decision for work-related mental disorders or suicide also do not provide quantitative criteria.
| Cerebro-cardiovascular disease
The Korean occupational disease recognition standard has determined that CCVDs caused by acute, subacute, and chronic overwork should be recognized as an occupational disease; this is similar to the standard in Japan and Taiwan. However, precise quantitative criteria for CCVDs are not provided in Schedule 3. Accurate quantitative standards were to be created by the MOEL, and this notification about recognition criteria were amended in December 2017. 18 Regarding working hour criteria, weekly average working hours that exceeded 60 hours during the 12-week period prior to disease occurrence (or 64 hours on average for 4 weeks prior to the disease occurrence) is an absolute recognition criterion for compensation of CCVD cases. New criteria for CCVD cases made by workers with weekly average working hours between 52 and 60 were newly introduced in December 2017. According to these criteria, if claimed cases involved both one workload risk factor and long working hours (more than 52 hours per week), the case could be recognized as an occupational disease.
The following seven are statutory workload risk factors to consider: unpredictable work schedule, shift work, lack of holidays, risky working environment (cold, temperature change, noise), heavy physical workload, frequent business trip with large time zone differences, and high psychological tension. The Korean government also provided criteria for the cases where the weekly average working hours do not exceed 52 hours for 12-week, which state that cases that have exposure to multiple workload factors can be approved as occupational disease. Another important change was that, in the case of night work between 10:00 PM and 6:00 AM, 30% of daily working hours is added to calculate the average weekly working hours, with the exception of those employed in monitoring or intermittent work. For example, if an employee worked four hours between 10:00 PM and 6:00 AM, the working time of 5.8 hours would be used to calculate the average working hours per week (Table S1 ).
| POLICY ISSUES AND CHALLENGES TO PREVENT OVERWORK-RELATED DISORDERS
Implementation of policies for the prevention of overwork-related disorders is relatively slow, while policies for compensation are rapidly changing. Fundamental working condition changes as well as occupational health approaches are important because the traditional occupational health approach has many limitations such as labor market changes or increased job insecurity. In recent years, deaths due to CCVDs and suicide have attracted attention in Korea, as these deaths occur not only in the elderly but also in young workers employed in a wide variety of industries: youth who develop games, female public officers who were reinstated after parental leave, IT workers of one-line game development companies, and student interns who worked as call center counselors. 19 In response, the National Assembly passed legislation to shorten working hours in February 2018, with the revised law to be applied on an annual basis depending on the size of the workplace. 20 The main changes of this revision to the Labor Standard Act are as follows. The working hours under the revision comprise 40 hours per week and up to 12 hours for overtime work. Under the current rule, a worker can be expected to labor for a maximum of 68 hours per week, including up to 16 hours on the weekend. This new rule was applied to companies with 300 or more workers on July 1, 2018; firms with 50-299 workers and companies with 5-49 workers will be subject to the new rule starting January 1, 2020, and July 1, 2021, respectively. The number of business types that are exempt from the working hour limits will be curtailed from the previous 26 to only 5, which involve transportation services and health care. Statutory paid holidays currently given to employees of the government and public institutions will be applied to private companies (under the previous law, only Sundays and Labor Day were paid holidays). 21 
| DISCUSSION
We reviewed the recent situation and conditions of overwork-related diseases in Korea, including CCVD, mental disorders, and suicide. Increasing mortality due to CCVD or suicide has resulted in increasing public concern regarding working hours, and there have subsequently been important policy changes, such as changes to compensation criteria for CCVD cases and working hour regulations. Although weekly working hours and the proportion of long working days have decreased, workers in small companies with fewer than five employees and workers in the service sector continue to work long hours. The age standardized mortality due to CCVD and suicide was highest among those with managerial roles. In total, 589 CCVD cases and 104 mental disorder or suicide cases were compensated as occupational disease by IACI in 2017. The Korean government has introduced various policies to reduce working hours and to increase compensation approval rate for overwork-related CCVDs.
However, in Korea, the legal working hours regulation in the Labor Standard Act does not apply to businesses with fewer than five employees. As a result, there are no regulations on working hours for these small businesses. Furthermore, the Occupational Safety and Health Act has no specific instructions for employer obligations regarding This demand is based on the perception that the problem of overwork-related death is closely related to labor rights, working conditions, and the working culture in Korea. As workers with long working hours who are self-employed or working in small companies have little protection from the Labor Standard Act or Occupational Safety and Health Act, an independent law specifying the role of government and supporting changes in organizational culture is needed.
Other stakeholders also ask the government to expand its obligation to appoint health managers to other service industries and small-and medium-sized companies, which is currently primarily focused on manufacturing and construction companies of relatively large size. A few nongovernment organizations have also argued that because the LSA is not applicable to workplaces with fewer than five employees, other policies, including community-based approaches, for these small-sized companies are necessary. Finally, the policies to prevent over-work related death should include primary prevention polices for reducing risk factors such as long working hours and job stress, or secondary prevention policies for preventing CCVDs or suicide and improving mental health.
In conclusion, the issues of prevention and compensation for overwork-related disorders or death have been addressed in part with prevention and compensation policies that have improved working condition in Korea. Many have realized that working conditions, such as long working hours, is a very important factor in the health of workers. Preventing overwork-related disorders may be a long-term task because policy priorities may fall behind in Korean society where the social welfare system is poor, and polarization is severe. We have a duty to continue to study the problem and continue discussions with various stakeholders to prevent overwork-related disorder and death in Korea. 
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